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Systematic characterization of human CD8 ™ T cells with natural killer cell markers
in comparison with natural killer cells and normal CD8" T cells
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SUMMARY

We investigated the function of CD56" CD8™" T cells (CD56 ™" T cells) and CD56~ CD57% CD8™*
T cells (CD57" T cells; natural killer (NK)-type T cells) and compared them with those of normal
CD56~ CD57~ CD8™* T cells (CD8* T cells) and CD56 " NK cells from healthy volunteers. After
the stimulation with immobilized anti-CD3 antibodies, both NK-type T cells produced much larger
amounts of interferon-y (IFN-y) than CD8* T cells. Both NK-type T cells also acquired a more
potent cytotoxicity against NK-sensitive K562 cells than CD8 " T cells while only CD56* T cells
showed a potent cytotoxicity against NK-resistant Raji cells. After the stimulation with a
combination of interleukin (IL)-2, IL-12 and IL-15, the IFN-y amounts produced were NK
cells>CD56™" T cells>CD57" T cells>CDS8 ™" T cells. The cytotoxicities against K562 cells were
NK cells>CD56% T cells >CD57 T cells>CD8* T cells while cytotoxicities against Raji cells
were CD56" T cells>CD57" T cells>CDS8™" T cells>NK cells. However, the CD3-stimulated
proliferation of both NK-type T cells was smaller than that of CD8* T cells partly because NK-type
T cells were susceptible to apoptosis. In addition to NK cells, NK-type T cells but not CD8* T cells
stimulated with cytokines, expressed cytoplasmic perforin and granzyme B. Furthermore,
CD3-stimulated IFN-y production from peripheral blood mononuclear cells (PBMC) correlated
with the proportions of CD57" T cells in PBMC from donors. Our findings suggest that NK-type
T cells play an important role in the T helper 1 responses and the immunological changes associated

with ageing.

INTRODUCTION

In addition to normal CD8" T cells without natural killer
(NK) cell markers, CD8* T cells with NK cell markers are also
present in the peripheral blood of humans. These NK-type
T cells include both CD56™ T cells and CD57" T cells.'
CD56 is now known as neural cell adhesion molecule-1* and
CD57 is a sulphated carbohydrate determinant on a glyco-
protein of neural cells.* These cells are relatively rare in the
peripheral blood, lymph nodes and spleen but are relatively
abundant in the liver and bone marrow.”> We recently reported
that CD56" T cells in peripheral blood can be a potent
antitumour effector after stimulation with interleukin (IL)-2
and IL-12.° On the other hand, researchers have noticed that
CD57" T cells increased under certain conditions. CD57*
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T cells increase in patients after bone marrow and other organ
transplantations,”® in rheumatoid arthritis patients™'® and
acquired immune deficiency patients,'! thus suggesting that
these cells play a certain role in the immunological abnor-
malities in those patients. It was recently reported that CD57*
T cells produced a larger amount of interferon-y (IFN-v) than
normal T cells.'” Importantly, these cells, which have been
suggested to differentiate extrathymically,” are also known to
increase in older adults and seem to play an important role in
the immunological changes that take place with ageing.'
Previous reports have shown that the proliferation capacity
and cytokine production of T cells change with age.'*!'> For
example, mitogen-induced T-cell proliferation and IL-2
production decreased'>™!” while IFN-y production tended to
increase with ageing.'>'® However, these phenomena cannot be
precisely defined without also considering NK-type T cells. In
addition, there has so far been no report in which the functions
of CD56" T cells and CD57" T cells were simultaneously
investigated, presumably because these T-cell populations are
rare in peripheral blood mononuclear cells (PBMC; 2-5% and
5-10% in PBMC, respectively) and, to a significant degree, tend
to overlap. Therefore, it is important to comprehensively
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clarify the functional characteristics and differences among
CD56™ T cells, CD57% T cells, normal CD8™ T cells and NK
cells. In the present study, we demonstrate the unique
functional features of NK-type T cells, in view of IFN-y
production and antitumour cytotoxicity (including perforin
and granzyme B production). Furthermore, we show that the
increase in the number of CD57* T cells in PBMC is closely
related to the enhanced IFN-y production from CD3-
stimulated PBMC. In addition, T-cell receptor B repertoires
of CD57% T cells and CD56 " T cells were different, suggesting
that these NK-type subsets are distinct populations. We argue
that the increased number of CD57" T cells in aged hosts
does not necessarily mean the impaired immunocompetence
with ageing and seems to be a biological adaptation to the
immunological events occurring in older hosts.

MATERIALS AND METHODS

Peripheral blood samples

Heparinized peripheral blood samples were obtained from
adult and young adult volunteers. Samples of children were
obtained at the outpatient clinic of National Defense Medical
College Hospital from children without any significant clinical
features who visited for routine examinations. Informed
consent was obtained from all parents.

Isolation of PBMC, monoclonal antibodies (mAb) and flow
cytometric analysis

PBMC were obtained from peripheral blood by Lymphocyte
Separation Medium (ICN Biomedicals Inc., Aurora, OH).
Surface phenotypes of the PBMC were identified by mAb
in conjunction with three-colour immunofluorescence tests.
mADb used in this study were as follows: phycoerythrin (PE)
or fluoroscein isothiocyanate (FITC)-anti-CD3 antibody
(UCHT1), PE-anti-aff T-cell receptor (TCR) antibody or
PC5-anti-of3 TCR antibody, FITC-anti-CD57 antibody (NC1),
PE-anti-CD56 antibody (NKH-1), PC5-anti-CD56 antibody
PE-anti-CD4 antibody, PE-anti-CD8 antibody, PE-anti-
NKG?2A antibody and FITC-anti-Va24 antibody, all of which
were purchased from Beckman Coulter (Miami, FL). FITC-
anti-of TCR antibody was purchased from PharMingen, San
Diego, CA. NK-type T cells were identified by staining PBMC
with FITC-anti-CD57 antibody, PE-anti-aff TCR antibody
and PCS5-anti-CD56 antibody. NK cells were identified by
FITC-anti-CD3 antibody and PE-anti-CD56 antibody. Other
cell markers of each subset were also identified with three-
colour immunofluorescence tests. Lymphocytes were gated by
forward scatter and side scatter and were analysed by EPICS
XL (Beckman Coulter).

Cell sorting and culture

PBMC were stained with FITC-anti-CD4 antibody
(T4, Beckman Coulter) and FITC-anti-ydTCR antibody
(IMMUS510, Beckman Coulter) and CD4% T cells and 8
T cells were depleted by magnetic-activated cell sorting
(MACS; Miltenyi Biotec GmbH, Bergisch Gladbach,
Germany) using anti-FITC-microbeads. More than 95% of
CD4™" T cells and y8 T cells were depleted by this procedure.
Thereafter, PBMC were stained with FITC-anti-CD57
antibody, PE-anti-off T-cell TCR antibody and PC5-anti-
CD56 antibody. CD56 " o TCR ~ NK cells, CD56+ af TCR ™

cells, CD56~ CD57*% af TCR™ cells and CD56~ CD57 of
TCR ™ cells were purified by EPICS Elite (Beckman Coulter)
(purity of each population was more than 95%).

For the depletion of NK-type T cells, whole PBMC were
stained with FITC anti-o38 TCR antibody and either with PE-
anti-CD56 antibody, anti-CD57 antibody or both PE-anti-
CD56 antibody and anti-CD57 antibody, while either CD56 "
T cells or CD57" T cells, or both of them were sorted out.

One hundred pl (5 pug/ml) of Ant-CD3 antibody (UCHT1)
had been incubated at 37° for 4 hr in 96-well flat-bottomed
plates to immobilize the antibody before starting culture. Cells
of each T-cell population (2x10° in 200 ul of RPMI-1640
containing 20% human serum) were cultured with immobilized
anti-CD3 antibody in a 96-well flat-bottomed plate. Each T-cell
and NK-cell population was also incubated with 20 ng/ml of
human IL-12 (PEPRO TECH EC, London, UK), 100 ng/ml of
IL-2 (PEPRO TECH EC) and 5 ng/ml of IL-15 (Genzyme,
Cambridge, MA). After a 48-hr culture, the supernatants were
harvested and maintained at —80° for enzyme-linked immuno-
sorbent assay (ELISA). After a 4-day culture, the cells were
harvested and then subjected to cytotoxic assays.

Assays for IFN-y levels

IFN-y levels in lymphocyte culture supernatants were
evaluated using the cytokine-specific ELISA (OptEIA™,
PharMingen).

Cytotoxic assay

NK-sensitive K562 cells or NK-resistant Raji cells were
labelled with 100 uCi Na,(*'Cr)O; for 60 min at 37° in
RPMI-1640 medium containing 10% fetal calf serum (FCS),
washed three times with medium, and subjected to cytotoxicity
assays. Labelled targets (4 x 10*/well) were incubated in a total
volume of 200 ul with effector cells which had been stimulated
with anti-CD3 antibody or cytokines for 4 days (E:T
ratio=10:1) in RPMI-1640 in 96-well round-bottomed micro-
titre plates. The plates were centrifuged after incubation for
4 hr, after which the supernatant was harvested and counted
with a gamma counter. In some experiments, after a 4-day
culture with cytokines, 5x 10° CD56% CD3~ NK cells were
incubated with 50 pul of anti-NKG2A antibody (200 pg/ml,
mouse immunoglobulin G (IgG)2b, Coulter; isotype antibody
as a control) for 10 min at 4° to block an inhibitory NK cell
receptor for major histocompatibility complex (MHC) class I
molecules, NKG2A/CD9%4 complex, washed twice and then
subjected to cytotoxic assay against Raji cells.

The cytotoxicity was calculated as the percentage of
releasable counts after subtraction of spontaneous release.
Spontaneous release was less than 15% of the maximum
release.

Intracellular staining of perforin and granzyme B

For intracellular staining, the cells were first stained with cell
surface FITC, PE or PC5 mAb, washed, and then fixed and
permeabilized in 250 pl of Cytofix/Cytoperm ™ (PharMingen)
for 20 min at 4°, washed twice, and incubated with intra-
cellular mAb, i.e. FITC-anti-human perforin antibody (Ancell,
Bayport, MN) or PE-anti-human granzyme B antibody
(Caltag, Burlingame, CA) for 30 min at 4°. The cells were
then washed and immediately applied to a flow cytometric
analyser (EPICS XL, Beckman Coulter).

© 2001 Blackwell Science Ltd, Immunology, 103, 281-290
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DNA synthesis assay

To test the proliferation of each CD8" T-cell subset (2 x 10%/
200 pl) by stimulation with anti-CD3 mAb, the cells were
pulsed with 0-5 pCi per well of [*H]thymidine ([*H]-TdR)
12 hr before the cells were harvested. The radioactivities
of the harvested cells at indicated culture time points were
assessed by the liquid scintillation counting method.

Assay for lymphocyte apoptosis

An assay for reactivity to annexin V'? in apoptotic cells was
performed using commercial reagents (Immunotech, Marseille,
France) according to the manufacturer’s instructions. After
staining the cells with FITC—annexin V and propidium iodide,
cells were applied to a flow cytometric analyser (EPICS XL,
Beckman Coulter).

Analysis of VB TCR repertoire of CD56" T cells,
CD57™" T cells and normal CD8" T cells
After depleting the CD4" T cells from PBMC by magnetic
beads, the cells were then analysed by three-colour flow
cytometry using anti-of TCR antibody, anti-CD56 antibody
and anti-CD57 antibody, and various anti-V3 TCR antibodies,
anti-CD56 antibody and anti-CD57 antibody (Beckman
Coulter). Anti-V3 TCR antibodies that reportedly reacted
with relatively larger populations of aff T cells were selected
and used. The percentage of each V T-cell population was
determined in CD56" T cells, CD57% T cells and normal
CD8™" T cells as follows:

% of VB T cells in CD56™ T cells=(% CD56 " VB T cells/%
CD56™" af T cells) x 100

% of VB T cells in CD57% T cells=(% CD56~ CD57°
VB T cells/% CD56~ CD57" af T cells) x 100

% VB T cells in CD56~ CD57 aff T cells (normal CD8 ™"
T cells) =(% CD56~ CD57~ VB T cells/% CD56~ CD57 of
T cells) x 100.

Statistical analysis

Differences between the groups were analysed by the Mann—
Whitney U-test or an aNova analysis with Fisher’s protected
least significant difference (PLSD) using the Stat View program
on an Apple computer. Differences were considered to be
significant when P <0-05.

RESULTS

Phenotypic characterization of NK-type T cells,
normal T cells and NK cells

CD56™ af T cells and CD57 " af T cells from PBMC were, in
a significant part, phenotypically overlapped (CD56*CD57™").

Approximately 60% of the CD56™ T cells were CD57 " while
one-quarter of the CD57 " T cells were CD56 " (Table 1). Most
of both NK-type T cells were CD8 " and Va24 . In addition,
half of the CD56% T cells and two-thirds of CD3~ CD56™"
NK cells expressed CD161 (NKR-P1). NKG2A was expressed
on NK cells but not on the majority of the other subsets.

IFN-y production and antitumour cytotoxicity in
CD3-stimulated T-cell subsets

Because CD56™ T cells are a small population within PBMC,
and it was recently reported that the cytolytic effector of CD8™*
T cells closely correlated with surface CD56 expression,®*
CD56" CD57* T cells were included in sorted CD56 ™" T cells
while CD56~ CD57* T cells were purified so as not to contain
CD56" CD57% T cells (Fig. 1). Because most CD56™ T cells
and CD57" T cells were CD8™" (Table 1), the CD4™" T cells
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Figure 1. A phenotypic profile and the purity of each sorted
lymphocyte subset. The numbers in each profile indicate the
percentages of cells within indicated quadrants.

Table 1. Phenotypic characterization of respective populations as expression of other markers

CD56" CD57"* CD16l TCR Vo24 NKG2A CD4 CD8
(o) (7o) (%) (7o) (7o) (%)
CD36" af T cells 613171 5024166 06401 72430 70443 911438
CD57" af T cells 24-8+06 117452 <01 12+1:0 89439 89-5+4-0
CD56 CD57 of T cells - 14-342:2 03401 0-6+0-2 69-1+8-0 28:8432
CD3 CD56™ NK cells 7024133 687486 - 582488 - -

Data shown represent the means +sg (n=38).
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Figure 2. CD3-stimulated IFN-y production and antitumour cytotoxicity in the T cell subsets. (a) IFN-y production. Each purified
T-cell population was stimulated with anti-CD3 antibody for 48 hr and the IFN-y levels of the culture supernatants were subjected to
ELISA. (b) Cytotoxic activity against K562 cells. (c) Cytotoxic activity against Raji cells. Each purified cell population was stimulated
with anti-CD3 antibody for 4 days and cytotoxic assays were performed. All data represented are the means+se from eight

independent experiments.

(and also yd T cells) were initially depleted from PBMC by
magnetic beads as described in Materials and Methods.
Thereafter, CD8" CD56" T cells, CD8" CD57" T cells
and normal CD56~ CD57~ CD8™" T cells were purified by a
cell sorter. Phenotypic profiles of each sorted population and
their purity are shown in Fig. 1.

After the stimulation with immobilized anti-CD3 antibody
for 48 hr, both NK-type T cells, especially CD57" T cells,
produced much greater amounts of IFN-y than did CD8™"
T cells (Fig. 2a). However, none of the subsets produced any
detectable IL-4 (data not shown). Four days after the CD3
stimulation both NK-type T cells were more cytotoxic against
NK-sensitive K562 cells than CD8" T cells (Fig. 2b). On the
other hand, CD3-stimulated CD56™" T cells, but not the other
two T-cell populations, acquired a potent cytotoxicity against
NK-resistant Raji cells (Fig. 2c).

Cytokine-stimulated IFN-y production and antitumour
cytotoxicity in NK cells and T-cell subsets

When each population was stimulated with a combination
of IL-2, IL-12 and IL-15 for 48 hr, both NK-type T cells
produced larger amounts of IFN-y than that of CD8™
T cells (Fig. 3a). CD56" NK cells (including CD56* CD57 "
cells and CD56" CD57  cells) also produced a large amount
of IFN-y (Fig. 3a). NK cells cultured with cytokines for 4 days
showed the greatest cytotoxicity against K562 cells, while both
NK-type T cells showed stronger cytotoxicities than did CD8 *
T cells (Fig. 3b). The cytokine-stimulated CD56" T cells also
showed a greater cytotoxicity against Raji cells than did the
other T-cell subsets or NK cells (Fig. 3c). We also previously
reported that I1L-2- and IL-12-activated CD56% T cells also
effectively killed another NK-resistant tumour, namely Wish
cells.® It was also interesting to note that the cytotoxic activity
of NK cells against Raji cells (MHC class-I positive)*' was
greatly enhanced by blocking the CD94/NKG2A complex
on NK cells by NKG2A antibody, but not by the isotype
antibody (Fig. 3d).

Expression of cytoplasmic perforin and granzyme B in NK
cells and both NK-type T cells after cytokine stimulation

To explore the mechanism for the cytotoxicities of the subsets,
both cytoplasmic perforin and granzyme B were examined
because the perforin—granzyme B pathway is one of main
pathways of target cell lysis.?>>* Perforin causes membrane
pore formation of target cells and granzyme B enters into target
cells through the pores made by perforin, thereby inducing
target apoptosis.>>>* After stimulation of the whole PBMC for
72 hr with a combination of IL-2, IL-12 and IL-15, most of
CD577 cells and CD56* cells were either cytoplasmic perforin
or granzyme B positive while most of af§ T cells were negative
for either perforin or granzyme B (Fig. 4a). By gating each
subset using the three-colour flow cytometric analysis, the
percentage of perforin or granzyme B positive cells in each
subset was examined after cytokine stimulation at the indicated
time points (n=4) (Fig. 4b). Most of the NK cells and CD57 "
T cells were positive for perforin and granzyme B at every time
point (Fig. 4a,b). In contrast, only a small population of CD8 ™
T cells expressed cytoplasmic perforin or granzyme B.
Interestingly, the percentage of perforin-positive NK cells
and CD57" T cells in a resting state (before cytokine
stimulation) was larger than that in resting CD56" T cells,
and even after culture, the proportion of perforin-positive
CD56™" T cells tended to be smaller than that of NK cells and
CD577" T cells (Fig. 4a). Because four-colour flow cytometric
analysis was not performed, we could not directly determine
the percentage of perforin-positive CD56~ CD57" T cells;
however, it is suggested that most of the CD56~ CD57 % T cells
have cytoplasmic perforin, similar to CD56" NK cells.

NK-type T cells proliferated weakly in response to
CD3-stimulation and were susceptible to apoptosis

Purified CD8™" T cells and NK-type T cells were stimulated by
anti-CD3 antibody and then were compared for their
proliferation. The results showed that normal CD8* T cells
proliferated vigorously while NK-type T cells, especially
CDS57" T cells, proliferated less vigorously (Fig. 5a). It was
also revealed by the PI and annexin V staining findings that

© 2001 Blackwell Science Ltd, Immunology, 103, 281-290
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Figure 3. Cytokine-stimulated IFN-y production and antitumour cytotoxicity in various lymphocyte subsets, and enhancement of the
cytotoxicity against Raji cells by blocking NKG2A. (a) IFN-y production. Each purified population was stimulated with a
combination of IL-2, IL-12 and IL-15 for 48 hr and IFN-y levels of the culture supernatants were subjected to ELISA. Cytotoxic
activity against K562 cells (b) or Raji cells (c). Each purified cell population was stimulated with cytokines for 4 days and cytotoxic
assays were performed. All data represented are the means + st from five to eight independent experiments. (d) The augmentation of
the cytotoxicity against Raji cells of cytokine-stimulated NK cells by blocking NKG2A. Purified NK cells were cultured for 4 days
and incubated with NKG2A antibody (200 pg/ml) (mouse IgG2b antibody as a control) at 4° for 10 min and washed twice and then
cytotoxic assays were performed. The data represented are the means +sk from four independent experiments.

both NK-type T cells were more susceptible to apoptosis than
normal CD8™" T cells (Fig. 5b).

The decrease in the CD3-stimulated IFN-y production from
PBMC in vitro by the depletion of either CD57" T cells,
CD56™ T cells or both populations

To further confirm the importance of NK-type T cells for
the CD3-stimulated IFN-y production from PBMC, IFN-y
production from NK-type T-cell-depleted PBMC was
examined. CD56" of T cells, CD57 " af T cells or both were
depleted by a cell sorter, as described in Materials and
Methods, and NK-type T-cell-depleted PBMC were stimulated
for 48 hr. The results showed that NK-type T cells, especially
CD57% T cells, were an important cellular component for
effective IFN-y production by PBMC (Fig. 6).

Proportions of CD57" T cells in PBMC correlate with
amounts of IFN-y produced by CD3-stimulated PBMC

The proportions of CD57" T cells and NK cells in PBMC
constantly increased with age (Fig. 7a,d). The CD56% T cells
also tended to increase with age (Fig. 7b) while the proportions
of normal T cells (including both CD4* and CD8") did not
significantly change (Fig. 7c). CD3-stimulated IFN-y produc-
tion from PBMC increased with age (Fig. 8a). Interestingly, the

© 2001 Blackwell Science Ltd, Immunology, 103, 281-290

proportion of CD57* T cells in PBMC also correlated with the
IFN-y production by CD3-stimulated PBMC, regardless of the
ages of donors (Fig. 8b).

TCR B repertoires of CD56" T cells, CD57" T cells
and normal CD8* T cells

VB T-cell repertoire analysis revealed that oligoclonal expan-
sion of a few VB T cells in CD57" T cells as reportedly by
Morley e al.>> An oligoclonal expansion of certain VB T cells
was also observed in CD56" T cells while their oligoclonality
was less dramatic than that in CD57" T cells (Fig. 9),
suggesting that CD57" T cells and CD56" T cells were
distinct T-cell subsets if they partially overlapped. In contrast,
normal CD8™ T cells demonstrated the polyclonality of the
TCR B repertoire.

DISCUSSION

In the present study, we demonstrated that CD56% T cells as
well as CD57% T cells were potent IFN-y producers by either
CD3 or cytokine stimulation and thus can be antitumour
effectors. CD56 " T cells are a most potent antitumour effector
against NK-resistant Raji cells. On the other hand, NK cells
produced the largest amount of IFN-y in response to cytokines
and thus were found to be strong antitumour effectors against
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NK-sensitive K562 cells. Interestingly, the blocking of NKG2A
on NK cells significantly augmented the NK cell cytotoxicity
against Raji cells. Furthermore, substantial proportions of
resting and most of cytokine-stimulated NK cells and NK-type
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T cells expressed intracellular perforin and granzyme B.
CD3-stimulated IFN-y production from PBMC correlated
with the proportions of CD57* T cells in PBMC of donors
regardless of their ages. The increased proportions of CD57 "
T cells in PBMC with age and their susceptibility to apoptosis
may also explain why the IFN-y production increased while the
proliferation decreased in CD3-stimulated PBMC from aged
donors. In contrast to normal CD8" T cells, the TCR B
repertoire of CD57" T cells and CD56" T cells showed the
oligoclonal expansion of some VP T cells while the their TCR 3
repertoires were not the same and the oligoclonality of the
former was more dramatic than that of the latter.

IL-12 is produced by monocyte/macrophages and has
various biological effects.??” Most notably, it is a potent
inducer of the T helper 1 (Thl) immune response by inducing
IFN-y production from NK cells and T cells.”® We recently
reported that IL-12 activates either human CD56" T cells or
mouse T cells with an NK cell marker, NK1.1* T (NKT) cells
(also constitutively expressing a natural killer cell marker,
IL-2R B (CD122)), to acquire an antitumour cytotoxicity.®> !
In addition, IL-12 induced IFN-y production from mouse
NKT cells*! and from human CD56* T cells, as demonstrated
in this study. On the other hand, IL-15 is a recently reported
cytokine that is also produced by monocyte/macrophages>
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and reportedly synergizes with IL-12 and activates NK cells
and T cells to produce IFN-y** and sustains the survival of
activated NK cells.>* These monokines (including IL-18) and
IFN-y produced from NK cells and NKT cells may play an
important role in host defence against microbes and tumours.*

Although CD57" T cells are rare in children and younger
adults, the number of CD57* T cells constantly increases with
age, as also demonstrated in this study, and approximately 15%
of all lymphocytes are CD57+ T cells in centenarians;'**® this
suggests that these T cells are thymus-independent. CD57
T cells were potent IFN-y producers and this was the reason
why the PBMC from elderly persons produced a higher
amount of IFN-y after CD3 stimulation than from younger
persons. It is known that aged hosts are more susceptible to
malignant tumours or bacterial infections. Therefore, although
immunological function is impaired in aged hosts, probably
as a result of a dysfunction in the normal T cells, the increase
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Figure 7. The proportions of NK cells and NK-type T cells increase
proportionally with age. The data are based on the PBMC obtained
from 56 individuals.
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in the number of CD57" T cells bearing a potent IFN-y
producing capacity with ageing may be an appropriate physio-
logical and immunological adaptation to compensate for the
immune dysfunction of aged hosts.

Our previous studies demonstrated that human CD56%
T cells and mouse NKT cells are both abundant in the liver
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Figure 9. T-cell receptor B repertoire of CD56™ T cells, CD57* T cells
and normal CD8% T cells.PBMC from four individual healthy
volunteers were stained as described in Materials and Methods. % of
VB T cells in CD56" T cells=(% CD56" VB T cells/% CD56" of
T cells) x 100; % of VB T cells in CD57 " T cells=(% CD56~ CD57+ VB
T cells/% CD56 CD57%" of T cells)x100; % VB T cells in
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Figure 8. The IFN-y production capacity of PBMC correlates either with the age or the proportion of CD57" T cells. The data are
based on the findings of several independent experiments from 32 individuals.
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(approximately 20% of all liver lymphocytes and 40% of liver
T cells).®*+3%%7 Mouse NKT cells mainly use Vo14/VB8 gene
products for their TCR.*"** Mouse Va14 " NK1.1* T cells and
human Va24™ T cells have been reported to have their TCR
o gene homology®® and both responded CD1-dependently to
a-galactosylceramide and produced IFN-y and acquired
antitumour cytotoxicity.*** However, human PBMC and
liver mononuclear cells (MNC) have few Vo24™" T cells and
most of CD56" T cells in the liver as well as in PBMC do not
express V24213434 Congistent with these results, we
recently found that, in contrast to mice, neither human liver
MNC nor PBMC produced IFN-y and acquired antitumour
cytotoxicity, if any, after the stimulation with a-galactosylcer-
amide.?! Therefore, although human Vo24® T cells may
represent a homologue of mouse NKT cells, the role of human
Vo24* T cells in the host immune response is suggested to be
more limited than that of mouse Val4™ NKT cells. On the
other hand, mouse NKI1.1 antigen and the human CDI161
molecule both belong to the NKRP-1 family and most human
CD56" T cells in the liver and approximately 50% of the
peripheral CD56™ T cells expressed CD161.%! Based on their
tissue localization, the IL-12-stimulated ability to produce
IFN-y and a MHC-unrestricted antitumour cytotoxicity, we
therefore proposed the possibility that human CD56" T cells
and mouse NKT cells are functionally similar populations
especially in Th1 immune responses.?'*> However, it should be
noted that IFN-y produced by lipopolysaccharide (LPS)/IL-
12-activated NKT cells in mice was responsible for the LPS-
induced shock syndrome (generalized Shwartzman reaction)
accompanied by multiple organ failure.*! It was also found that
either IL-12 or a-galactosylceramide-activated NKT cells
caused hepatocyte injury.’"*>4¢ Therefore, activated T cells
with NK cell markers in both mice and humans sometimes may
be harmful to the hosts.

In addition, we found that NK cells as well as NK-type
T cells contained cytoplasmic perforin and granzyme B,
suggesting that the antitumour cytotoxicity of these cells is
played, at least in part, by an exocytosis of these molecules.
Consistent with this speculation, IL-12 activated mouse
NKT cells also killed Fas (—) tumors.*' However, the propor-
tion of perforin containing cells in either resting or cytokine-
activated CD56™" T cells tended to be smaller than those in
NK cells and CD57" T cells, raising the possibility that
CD56™" T cells may use other killing mechanisms including
the Fas—Fas ligand pathway.

Human CD57 " T cells and mouse CD122% CD8™" T cells
are also abundant in the liver and constantly increase with age
in the liver and periphery.>'*3” We recently found that mouse
CDI122" CD8™ T cells, which develop extrathymically,3>#743
also produced a much larger amount of IFN-y in vitro after
the stimulation with anti-CD3 antibody than normal CD122~
CD8" T cells and acquired an antitumour cytotoxicity.*
Their IFN-y-producing capacity was even greater than that
of NKT cells.*® This was also the case for human CD577"
T cells and CD56 " T cells; CD3-stimulated CD57 " T cells pro-
duced an even greater amount of IFN-y than that of CD56%
T cells. We therefore propose that human CD57" T cells and
mouse CD122% CD8™* T cells may also be functionally similar
populations and may play an important role in Th1 responses.

Another notable finding was that both NK-type T cells
poorly proliferated in response to CD3 stimulation, and this

was partly caused by apoptosis. This finding may explain
why the PBMC of aged hosts reportedly proliferate less vig-
orously by T-cell mitogens than do the PBMC of younger
hosts.'* The possibility was also raised that activated NK-type
T cells may die after inducing a Thl immune response in the
hosts to avoid any additional harmful effect similarly to
a-galactosylceramide-activated NKT cells in mice.**¢

It should also be noted that cytokine-stimulated CD56*
T cells effectively killed NK-resistant Raji cells while NK cells
more effectively killed NK-sensitive K562 cells. In this point,
NK cells expressed CD94/NKG2A which inhibited cytotoxic
activity of NK cells against MHC-class-I bearing tumors,*
whereas CD56 " T cells were CD94/NKG2A negative. Because
K562 cells do not express MHC class-1 and Raji cells strongly
express class I,21>! K562 cells may be susceptible to NK cell-
mediated lysis while Raji cells may be NK resistant. In fact, we
also found that the preincubation of cytokine-activated NK
cells with NKG2A antibody significantly augmented their
cytotoxicity against Raji cells. As a result, NK cells, CD56 ™"
T cells may thus both possess different functional assignments
regarding antitumour immunity, and their surface molecules
also may affect their function. Although the antitumour
cytotoxicity of activated CD57" T cells was weaker than that
of CD56™" cells, their cytotoxicity was stronger than that of
normal CD8" T cells. Therefore, based on the increased
number of CD57% T cells with age and their potent IFN-y-
producing capacity, the role of these cells in the tumour
immunity may thus be important.

In conclusion, CD57 " T cells and CD56 ™" T cells are potent
IFN-y producers and antitumour effectors and the increase in
the number of CD57" T cells with age may thus be closely
involved in age-associated immunological changes. In addition
to normal T cells and NK cells, these NK-type T cells should be
considered in the host defence and Th1l immune responses.
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